Signage systems are widely used in the built environment to aid occupant wayfinding during both circulation and evacuation. Recent research conducted by the authors shows that only 38% of people 'see' conventional static emergency signage in presumed emergency situations in an unfamiliar built environment, even if the sign is located directly in front of them and their vision is unobstructed. However, most people who see the sign follow the sign. These results suggest that current emergency guidance signs are less effective as an aid to wayfinding than they potentially can be and that signs are likely to become more effective if their detectability can be improved while upholding the comprehensibility of the guidance information they provide. A novel dynamic signage design is proposed to address this issue. The effectiveness of the new sign is tested under almost identical experimental settings and conditions as in the previous experiments examining conventional, static signs. The results show that 77% of people 'see' the dynamic sign and 100% of them go on to follow the sign. In addition, a dynamic method to identify that an exit route is no longer viable is tested using an international survey to gauge understanding of the new signage concept. Survey results suggest that the purpose of the new sign can be clearly understood by over 90% of the sample.
INTRODUCTION
Signage systems are widely used in the built environment to aid occupant wayfinding during both circulation and evacuation. These include non-emergency signs, intended to assist in navigation under nonemergency circulation situations and emergency signs, intended to assist occupants locate an exit in emergency situations. These signs are particularly important where there is no direct visual access for the occupant to a potential target (exit) and orientation becomes difficult due to the lack of reference points [1, 2] . The information conveyed by signage systems is intended to compensate for the complexity of an enclosure and/or where exits are not sufficiently apparent, thereby improving wayfinding efficiency.
Given the importance of providing information through signage systems to facilitate occupant wayfinding, there is a general lack of consideration regarding the effectiveness of occupant utilisation of this information [2, 3] . Recently a series of experimental trials were conducted to study how occupants perceive, interpret and use the information conveyed by standard emergency signage [3] . The results show that only 38% of people 'see' conventional emergency signage in presumed emergency situations in an unfamiliar environment, even if the sign is located directly in front of them and their vision is unobstructed [3] . However, 100% of the people who see the sign follow the sign. These results suggest that current emergency guidance signs [4, 5] are less effective as an aid to wayfinding than they potentially can be. Thus signs are likely to be more effective if their detectability can be improved, while maintaining the comprehensibility of the guidance information they provide.
In order to address the problem of the low detectability of conventional, static signage, it is necessary to increase the sensory affordance of the sign [3, 6] . The sensory affordance is provided by the features of the object that support people in sensing it; e.g. the green colour of the sign helps people in distinguishing it from the wall. There are a number of ways of enhancing the signs' sensory affordance, such as increasing the size of the sign, making the sign standout more from the background or introducing additional sensory stimuli. However, it is also essential that the simplicity and clarity of the information conveyed by the sign are not inadvertently decreased due to the change of signage design.
As part of the EU FP7 GETWAY project [7] a novel signage design is proposed to enhance the signage affordance while maintaining the maximum compliance with existing signage regulations and practice [4, 5] . This design increases the detectability of the signs through the introduction of lit, flashing and running signage component (see Fig. 1 ) to the exiting standard signage design. The conventional static signage system is then turned into a dynamic signage system (DSS), whereas the size of the sign and the format of the signage information remain unchanged. The dynamic nature of the sign (i.e. the flashing cycle) is only activated during an emergency situation, when the alarm is tripped.
(1) (2) A series of experimental trials were conducted following the same procedure as the previous trials to quantify the effectiveness of the new DSS and compare that achieved by the conventional signage system [3] . This paper presents the experimental results and the comparison with the previous trials.
In addition, as part of the GETAWAY project, the signage control system which activates the signs is intended to be intelligent. The signage control system is controlled by a Decision Engine (DE) which utilises the results from faster than real time evacuation simulations produced by a parallel implementation of the buildingEXODUS evacuation simulation software [8] [9] [10] . This enables the optimal evacuation route for the population and incident to be identified. The emergency evacuation signs that point in the appropriate exit directions are then activated by the DE. In this way, the DSS becomes an Active DSS (ADSS); and the intelligence in selecting the appropriate route and configuring the signs accordingly makes the system an Intelligent ADSS (IADSS). Furthermore, rather than simply not activating any dynamic sign pointing in what the DE considers to be hazardous directions, it was considered important to convey to the population that a normally viable exit route was no longer considered safe. Thus, exit directions which are considered potentially hazardous are effectively shut down by negating emergency exit signs pointing in those directions. As with the flashing light concept, it was desirable to develop a negated sign which could replace existing signage on a like for like basis, was easily interpreted by the population, was relatively inexpensive to install and which would fail safe should it fail to operate. Several potential concepts were considered and tested through an international survey to gauge understanding of the new signage concept. In this paper we also present the results of the international survey and demonstrate the negated sign design.
THE EXPERIMENTAL METHOD
The experiments, originally designed to evaluate the effectiveness of conventional emergency signage (discussed in detail in [3] ), were replicated using the new DSS. The specific purpose of this experiment was to:
• determine the likelihood that naïve building occupants involved in an evacuation and faced with route alternatives who are located within the visual catchment area [11] of a dynamic emergency sign (i.e. have the opportunity of perceiving the sign), correctly interpret its information and correctly act upon the information; • evaluate the level of improvement in detectability of the new dynamic sign compared with the conventional static sign; • examine whether there is any adverse effect of the new signage design, such as causing confusion and hesitation.
The experiment was conducted at the same location using the same procedure as the previous experiment (note the glass pane in door D2 was covered in the current experiment). This represents an attempt to manage the experimental conditions and remove confounding factors such that the only key difference is the signage system being tested. The experimental trials were run in the Queen Anne Court at the University of Greenwich. This building was originally selected as it was readily accessible and, more importantly, the egress routes provided similar affordance in terms of lighting, configuration to limit the varieties. The building consists of staff offices, lecture halls and classrooms. The test area used was the circulation area located on the first floor of the west side of the building (see Fig. 2 ). This area was taken out of general use during the period of the trials to reduce the number of confounding factors that might influence participant performance.
The evacuation trials involved participants individually navigating the test area, using a route of their choice. The participants were selected from some 200 registered volunteers recruited through advertisement placed in local media and an online registration system. The selection criteria require the participants to be
• unfamiliar with the test area,
• right-handed (see results section for rationale for selecting right handed participants),
• have normal or corrected to normal vision,
• able to navigate a built environment on their own effort,
• aged between 18 and 70.
Measures were also taken to ensure that an approximately equal number of male and female participants took part and that the sample was drawn from a representative distribution of ages. Finally, a total of 58 test subjects took part in the trials.
On the day of trials, participants were brought to the starting point via a route that did not include the test section. They were instructed to evacuate the building in response to the sounding of a fire alarm. The goal that they were set was to evacuate the building as quickly as possible (without running) without staff intervention or further instruction. They could select any route using their judgment unless it appeared to be unavailable (e.g. a door is locked) or if prevented by a member of staff. However, they were not specifically instructed to use the signage system. Indeed, no mention of the signage system was made during the briefing. Participants were then put through the test section individually, and their progress was recorded using a head mounted mini video camera. Each of the participants started from a short corridor (A8 in Fig. 2 ) running east-west. This short corridor ends in a "T" intersection (A7) with two adjoining corridors (A6 and A10) running south-north. The participant then chose to go left (south) or right (north) along one of the corridors. Both corridors are approximately equal in length and width, and of similar appearance. This was to limit the number of factors that might confound the results produced by artificially attracting participants to a particular route. At their widest point, both corridors are 6.8 m wide. The length of the south corridor (A6) is 22.9 m while the length of the north corridor (A10) is 22.6 m. This junction was therefore deliberately selected given the similarity of the space size and appearance; i.e., that they afforded the evacuee equivalent alternative routes.
On the east wall of both corridors (A6 and A10) are two interior doors (closed and locked during the trials) that lead to rooms off of the corridors, and do not present viable exits. At the south and north extreme ends of the south-north running corridors is a door leading to another corridor running east-west (A2 and A12) respectively. The east-west running corridors (A2 and A12) are approximately 2.6 ~ 3.0 m in width and each of these corridors runs a distance of 19 m and ends with three doors (all of which were closed but available during the trials): one door at the terminus of the corridor and two adjacent doors perpendicular to the direction of travel (see Fig. 2 ). It is considered that the participant reached the end of the trials once they passed through one of the exit points at the end of either of the corridors (A2 or A12).
During the trials, the participants travelled the same distance to reach the final exit and experienced a similar series of three decision points regardless of the exit route they used (see Fig. 2 ). The three decision points are:
• DP1: the "T" intersection (A7),
• DP2: the section of the south-west corridor (circulation space) leading from the "T" intersection (A6 and A10), • DP3: the east end of each east-west corridor (A2 and A12).
At each of these decision points a dynamic exit sign was installed to highlight the appropriate path or exit; i.e. there was an opportunity for the participants to receive information from the signs at key decision points. The types of sign considered in this test were the green "running man" emergency exit signs with directional information (see Fig. 1 ). The signs were 0.1× 0.3 m in size, reflective in nature and were all positioned at the same height above the floor. In addition to the standard sign design, these also incorporated a lit and flashing arrow. In all cases the design of the signs complied with UK standards [4, 5] , except for the flashing element that was inserted over the existing static sign symbol. Given different installation locations, the signs used in the trials varied in the directional information conveyed (i.e. the direction of the arrow) and the angle at which individual participant approached the sign, depending on their location and the routes available. This was to establish the impact that the direction of approach might have upon the likelihood of seeing the sign. All the signs were located in well-lit areas illuminated by both natural and artificial lighting. In all signage installation locations, the vertical illumination measured was significantly larger than 100 lux to comply with UK standards [4] .
On completion of the trial, each participant was interviewed. The interview included a questionnaire that identified the factors that assisted the participant in selecting exit paths at each of the decision points. The list of factors included familiarity, route pre-selected by participant, environmental conditions, architectural configuration and presence of signage. It should be noted that the questions did not explicitly ask participants to comment on signage but included signage within a set of multiple choice answers. Participants could also add their own comments to each question. The video footage was used later to confirm their replies concerning whether they saw the sign(s) or they missed. The video was also used to assess participants' decision times at the first decision point.
Participants' opinions towards the new DSS design were also noted if they recalled seeing the flashing component of the sign(s). Their interpretation of the DSS design was examined in the last part of the questionnaire through two questions. These two questions required the participants to indicate their level of agreement with two sets of statements based on their experiences during the trials using a five point likert scale, ranging from strongly disagree to strong agree. The first set included three statements to assess their opinions about the DSS without indicating clearly the purpose of introducing the flashing component into signage design. The three statements were: The second set included five statements to assess their level of agreement with statements in which the purpose of the DSS was identified i.e. assist people in making a quick route decision and reinforce this decision. The five statements were: It should be noted that the experimental method examines an individual's interaction with signage in ideal conditions; it does not take account of other possible influencing factors such as presence/absence of fire effluent or interaction with other occupants.
THE INTERNATIONAL SURVEY METHOD
An international web based survey (http://fseg.gre.ac.uk/WhichWay/) was undertaken to determine the most appropriate modification to the standard emergency exit sign to suggest that an exit route is no longer available. The survey involved several possible designs of negated sign (see Fig. 3 ) in order to determine which sign, if any, conveyed the clearest indication that the exit route originally indicated by the sign was no longer considered viable. These questions addressed the following issues: Signage Interpretation; Ranking level of agreement with the specified meaning; and Identifying which of the four options most clearly suggests that the exit route is not available.
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Fig. 3. Negated sign options based on the standard UK emergency exit sign.
1) Signage Interpretation:
Each potential design was shown to the participant, without providing an explanation of what the sign was intended to represent. The participant was then asked to write what they thought the sign meant. The replies were classified as either correctly interpreting the meaning of the sign or incorrectly interpreting the meaning of the sign. The interpretation of each sign was independently assessed by two different assessors. The replies to the various tasks were broken down into replies from the fire professionals, non-fire professionals and overall sample. This was done to ensure that the results were not biased by the opinions of the fire professionals.
2) Ranking level of agreement: Each potential design was shown to the participant along with a sentence describing the intended meaning of the sign. The participants were then asked to rate how strongly they agreed with the provided interpretation. This was based on a five point likert scale, ranging from strongly disagree to strongly agree. The descriptive sentence that was asked for each sign was:
" 3) Identifying which option most clearly suggests that the exit route is not available: All four variants were shown to the participants and they were asked to identify which one sign most clearly indicates that the exit route is no longer available.
At the time of writing, 451 people had responded to the survey from more than 10 countries. The demographics breakdown is as follows, 74% male, 25% female, with 30% in the age range 15-25; 46% in the age range 26-50 and 22% in the age range 51-75. The respondents came from the following countries; 31% from the UK; 38% from the EU (e.g. 21% Germany, 6% France, 5% Italy, 2% Netherlands); 15% from the USA and 9% from China. Of the sample, 54% described themselves as being in the fire safety profession and 45% were in other professions.
EXPERIMENTAL RESULTS AND DISCUSSION
The data obtained from the first five participants was discarded due to procedure and technical errors at the beginning of the trials. The data obtained from the other 53 participants were analysed and are presented in this section. These 53 participants included 28 males (52.8%) and 25 females (47.2%), and were aged between 18 and 70.
The data presented include the number of participants who detected and utilised the DSS, the decision times (measured at the first decision point) and the participants' opinions about the DSS that they experienced. Whether or not participants detected a sign was determined primarily from the questionnaire. In addition, by examining the video recording of each participant's progress, it was often possible to determine whether a participant noted the presence of the sign and was therefore used to confirm the reported activities (e.g., from the head-mounted camera). The video footage was also used to assess the decision times at the first decision point. The participants' opinions concerning the DSS were collected from those who noticed the DSS in the trials. These participants were asked in the last part of the questionnaire about their general opinions concerning the DSS and how the DSS influenced their decisions during the trials. The analysis of the data collected is presented in the order in which the participants encountered the three decision points and the corresponding dynamic exit signs in the trials.
Decision Point 1 (DP1): Exit Sign A, Route Selection at "T" Intersection A7
The first decision point participants encountered is T-intersection A7, and the first sign encountered is sign A (see Fig.4 ). The left exit route via A6 and the right exit route via A10 are similar and are therefore expected to offer the same level of affordance to the participants if additional information in the form of signage is not available (i.e. no other influencing factors are dominant in the route decision), especially given their lack of familiarity with the space. At this decision point, 12 (23%) participants claimed to have not detected sign A and therefore did not use the sign provided to make a route choice. Of these, 6 (50%) selected the left route and 6 (50%) selected the right route. This shows the equivalent attractiveness of the options provided when the sign was not used or was not present. It should be noted that earlier research has shown that when faced with an equivalent left or right exit choice, approximately 64% of right handed people would select to go right [12] . As all of the trial participants were right handed, of the 12 participants who claimed not to have seen the sign, slightly more of the participants (7.7) may have been expected to have gone right. However, given that the sample size in this experiment is rather small -with only 12 right handed participants failing to see the sign -it is difficult to determine whether the results are in conflict with the findings from [12] . Furthermore, some of these participants may have actually seen the sign but were not 
Among the 53 participants, 41 (77%) claimed that they saw an exit sign and all of them (100%) chose to go left following the direction indicted by the sign. Thus the DSS achieves a significantly improved detection rate compared to the standard emergency sign [3] . Indeed, the detection rate for the DSS is 103% better than the conventional static signage system under the same experimental settings and conditions i.e. 77% detection rate compared with 38% detection rate. Furthermore, the difference in the detection rates achieved by the DSS and the conventional signage system is statistically significant (χ 2 (1, N=94)=14.23, p=1.62x10 -4 <0.05).
Decision Point 2 (DP2): Exit Sign B1/B2, Route Selection at Corridor A6/A10
The second decision point participants encountered is in corridor A6/A10 and the second sign encountered is sign B1/B2 (see Fig.5 ). The two doors located on the east wall of corridor A6/A10 (leading to rooms) complicate the wayfinding as participants may have mistaken these as being part of the exit route. Sign B1/B2, placed on the west wall opposite to the non-exit doors (with no other posters or signs in close proximity), point to the south and north end of the corridor respectively. These signs are intended to direct the participants to move towards the door at the far end of the corridor. However, unlike sign A, where participants approach perpendicular to the face of the sign (i.e. moving directly towards the sign), participants approach the B1/B2 sign at a tangent, making this sign potentially a little more difficult to be detected. In essence, there are two reasons for the increased difficulty in detection. Firstly, participants must be closer to the B1/B2 sign compared to sign A, before they can discern the information on the sign [11] . Secondly, as the trajectory of participants is at a tangent to the direct line of sight to the sign, potentially there is a smaller chance that the sign will be detected compared to the situation where participants head directly towards the sign [2] . As both sections of the south-north corridor are similar in terms of the affordance offered and the positions of sign B1/B2, the analysis of the participant behaviour in corridor A6 and A10 is therefore combined. Among the 53 participant, 38 (72%) participants detected sign B1 or B2. Although it is potentially more difficult to detect a sign when moving parallel to the sign than when moving directly towards the sign (at a 0 o approach angle), the results show that the difference between the detection rates of sign A and sign B1/B2 is not statistically significant (χ 2 (1, N=106)=0.45, p=0.50>0.05). Thus, even when approaching the dynamic sign at a tangent (parallel to the face of the sign), there is still a very high detection rate (72%). This is significantly different to the earlier trial using static signs in which only 37% of the participants detected the static sign when approaching the sign at a tangent [3] (χ2(1, N=94)=11.59, p=6.63x10-4<0.05). This is an important result as it suggests that the dynamic sign can achieve a significantly high detection rate for a wide range of approach angles, even when approaching the sign on a path parallel to the sign. However, it is noted that detecting the first sign may increase the chance of detecting the second sign. While the dynamic sign is slightly more difficult to detect when approached on a tangential path (72% detection rate) compared to a normal path (77% detection rate), the relative difference between the detection rates for the dynamic sign (6.5%) is similar to the relative difference for the static sign (5.1%) under similar conditions (39% and 37% for the normal and tangential approach respectively). As with the dynamic sign, the difference between the detection rates for the normal and tangential approaches for the static sign is not statistically significant (χ 2 (1, N=82)=0.05, p=0.82>0.05).
Decision Point 3 (DP3): Exit Sign C1/C2, Exit Route Selection at Corridor A2/A12
The third decision point encountered is A2/A12 and the third sign encountered is sign C1/C2 (see Fig.6 ).
There are three doors to choose from at the east end of A2/A12, one directly in the path of travel (i.e. at the terminus of each corridor -D1 in A2, D5 in A12) and two adjacent doors (i.e. D2 and D3 in A2, D4 and D6 in A12). The correct exit door (i.e. indicated by the DSS placed above the door) is one of the doors to the side which leads to the emergency staircases (i.e. D2 in A2, D4 in A12). While both exit routes along the south and north east-west running corridors are almost identical, there is a difference in the configuration of the final three doors. The emergency exit door D2 (indicated by sign C1) in the south corridor A2 has an opaque glass pane which, while not transparent (covered by large white card), is different to the other two doors which are of wooden construction. The emergency exit door D4 (indicated by sign C2) in the north corridor A12 and the non-emergency exit door D5 are both solid wood doors, and the third door D6 is a locked office door with transparent glass pane. The different appearance of these two emergency exit doors may have had an impact on participant exiting decision and so it was not possible to simply combine the results from these two doors with signage; i.e., we did not wish to potentially pollute the other data by mixing the data collected. This means that the data from the south and north corridors must be analysed separately.
(a) Exit Sign C1, exit route selection at Corridor A2 (b) Exit Sign C2, exit route selection at Corridor A12 
Exit Sign C2, Exit Selection at North Corridor A12
There are six participants who went right from A7 and eventually reached corridor A12. As the data-set is too small to draw any firm conclusions, the results are simply presented here for completeness (see Table  1 ). Among the six participants, four (67%) did not notice sign C2: two of them selected door D5 in the path of travel and the other two selected the emergency exit door D4. Among the six participants, two (33%) claimed that they saw an exit sign at A12 and both of them selected door D4 as a result. There are 47 participants who went left from A7 and eventually reached corridor A2. Among the 47 participants, 23 (49%) claimed that they did not notice an exit sign in relation to any door. Among them, five (22%) chose to go through the emergency exit door D2 and the other 18 (78%) chose to use the corridor door D1 in the path of travel. It is apparent that exit door D1 is considerably more attractive than exit door D2 to those who are not familiar with the building layout and did not detect the signage above the door. Note that this is different from the finding in the previous trials [3] where those who were not familiar with the building layout and did not use signage preferred exit door D2 (82%) to D1 (18%). This may have been because the glass pane on the top half of exit door D2 was not covered during the original trials and allowed light to come through. This gave an impression to the participants that it may provide a direct route to the exterior, hence increasing the affordance of D2. The glass pane of D2 was fully covered during the current trials. D2, as a side door, became less attractive than door D1 directly in the path of travel.
Among the 47 participants who turned left from A7, 24 (51%) claimed that they saw sign C1 above the emergency exit door D2 (see Fig.6 ). Among them, 21 (88%) made a decision to use exit door D2 rather than attempting to use the other exit, and 3 (12%) chose exit door D1. This is consistent with the finding in the previous trials [3] where 89% of those who were not familiar with the building layout and saw sign C1 decided to use exit door D2. It should be noted that the detection rate achieved by the DSS in A2 is 51% (24/47), while the detection rate achieved by the conventional signage system in A2 in the previous trials [3] is 39% (9/23). Although the DSS achieves an increase in detection rate of 31% compared with the conventional static signage, the difference in the detection rates achieved by the two signage systems is not statistically significant (χ 2 (1, N=70)=0.88, p=0.35>0.05). However, considering the relatively lower affordance of D2 in the current trials than that in the previous trials, it can be expected that the DSS should have had a more significant impact on participant exit selection than the conventional static signage in A2 (see Table 1 ).
The influence of the DSS upon participant's decision-making time
Exit signs are able to provide directional information to people in emergency situations and can help them make an exit decision at places where doubt may exist about the choice of escape route or exit. If people can successfully perceive and comprehend the information, it is expected that not only do they make a decision correctly, but they also act quickly. This becomes increasingly important the greater the number of decision points experienced, especially in time critical evacuation situations. This expectation was examined in the previous trials [3] in which video footage was used to estimate the participants' decisionmaking time at the first decision point; i.e. the amount of time the participants spent in determining which direction they would travel at the "T" intersection A7.
This was measured from the moment when the participant could discern that there were two possible routes to the moment when they decisively headed in a particular direction, either the left or the right (see Fig.7 ). Fig.7 . Estimate participant's decision-making time at the "T" intersection (decision point 1).
It was found in the previous trials using the conventional static signage that those participants who were unfamiliar with the building but who detected and used sign A had an average decision time of 2.6 s, while those unfamiliar participants who did not detect sign A had an average decision time of 5.6 s [3] . The difference in decision times between those who detected the sign and those who did not is statistically significant.
The decision-making time of the 53 unfamiliar participants in the current trials using the DSS is also estimated following the same method. It is found that the 41 participants who detected sign A had an average decision time of 1.8 s, while the 12 participants who did not use signage had an average decision time of 5.7 s (see Table 2 and Fig.8 ). The average decision time of those who did not detect the sign is 217% longer than that of those who detected the sign. The difference in the decision times between those who detected the sign and those who did not detect the sign is statistically highly significant (MannWhitney U=470.5, n1=41, n2=12, P<0.001, two-tailed).
Compared with the results obtained in the earlier trials [3] , the average decision time of those who detected the conventional static sign is 44% longer than that of those who detected the new dynamic sign. However, the difference in the decision times between those who detected the static sign in the previous trials and those who detected the dynamic sign in the current trials is not statistically significant (Mann-Whitney U=267.0, n1=41, n2=11, P=0.35>0.05, two-tailed). The average decision times of those who did not detect any sign in both sets of trials are similar, as expected. The difference in the decision times between those who did not detect any sign in both sets of trials is not statistically significant (Mann-Whitney U=145.5, n1=12, n2=24, P=0.96>0.05, two-tailed). 
Interpretation of the dynamic signage design
Among the total 53 participants, 46 (87%) claimed that they saw one or more signs (including some fire action signs) during the trials. Of these, 44 (83%) claimed that they saw at least one of the exit signs during the trials. Among them, five (11%) could not recall any flashing component on the exit sign(s) they noticed. The analysis of the interpretation of the DSS design is based on the 39 (89%) participants who can confirm seeing the flashing component on the exit sign(s) they noticed during the trials.
The results for statement set 1 can be summarized as follows:
• 94.9% disagree (71.8% strongly disagree and 23.1% disagree) and 0.0% agree that "the flashing lights are confusing". • 89.7% agree (56.4% strongly agree and 33.3% agree) and 2.6% disagree that "the flashing lights are helpful". • 87.2% disagree (46.2% strongly disagree and 41.0% disagree) and 2.6% agree that "the flashing lights are of no use".
The results for statement set 2 can be summarized as follows:
• 84.6% agree (43.6% strongly agree and 41.0% agree) and 7.7% disagree that "the flashing lights assisted them in selecting which way to go". • 87.2% agree (48.7% strongly agree and 38.5% agree) and 10.3% disagree that "the flashing lights reinforced their decision concerning which direction to take". • 81.6% disagree (55.3% strongly disagree and 26.3% disagree) and 10.5% agree that "the flashing lights in the sign made no difference to my decision to take a particular direction or action". • 82.1% agree (59.0% strongly agree and 23.1% agree) and 10.3% disagree that "the flashing lights in the sign assisted me to make a quick decision as to which direction or action to take". • 87.2% disagree (38.5% strongly disagree and 48.7% disagree) and 10.3% agree that "the flashing lights in the sign made me stop and hesitate a little while deciding which direction or action to take".
Thus the high signage detection and compliance rates observed in the experiments are supported by the result of the post-trial interviews. A significant majority of the participants (about 80% to 90%) confirmed that the flashing lights in the signs assisted them in making a quick route decision and reinforced this decision. Furthermore, the first statement of question 1 and the fifth statement of question 2 attempts to examine whether there is any adverse effect of the DSS, such as causing confusion and hesitation. The answers to these questions suggest (87.2%) that the flashing lights did not cause confusion and hesitation to the participants. In each of the questions asked, the data indicates that the presence of the DSS was perceived to be positive by the vast majority of the participants.
RESULTS FROM THE INTERNATIONAL SURVEY CONCERNING NEGATED SIGN DESIGN 1) Signage Interpretation:
The results from the signage interpretation question are presented in Table 3 . It is noted that not all the 451 participants answered all the questions. Some participants were also excluded as they provided what were considered to be farcical responses. Clearly, the sign which has the highest level of understanding is the sign with the large red cross (S3), with 93% of the sample providing the correct interpretation. This compares with only 59% correct interpretation for the poorest performing sign (red cross over the running man -S2). It is intereseting to note that the symbol generally taken to mean negation (circle with the slash -S4) provided the second worst correct interpretation (76%). It is also informative to view some of the incorrect interpretations for each sign. For the sign with the red cross over the arrow (S1), a common response was, go through the door, but don't go in the direction of the arrow or fire exit is here and not to the left. For the sign with the red cross over the running man (S2), many people suggested that this meant that you should not run to the exit. Others suggested that this meant that the exit was not appropriate for people. For the sign with the circle with slash (S4), a common response was that the participant was confused and didn't know what the sign meant. Finally, the sign with the large red cross through the entire sign (S3) was correctly interpreted by most people; however, some suggested that it could mean that the sign is no longer in use.
2) Ranking level of agreement:
The results from the ranking of the level of agreement with the statement can be summarized as follows:
• S1: 54.6% agree (17.1% strongly agree and 37.5% agree) and 36.2% disagree (13.8% strongly disagree and 22.4% disagree).
• S2: 42.9% agree (14.2% strongly agree and 28.7% agree) and 41.3% disagree (14.6% strongly disagree and 26.7% disagree).
• S3: 83.5% agree (55.0% strongly agree and 28.6% agree) and 9.9% disagree (6.1% strongly disagree and 3.8% disagree).
• S4: 44.9% agree (14.4% strongly agree and 30.5% agree) and 38.2% disagree (12.6% strongly disagree and 25.6% disagree).
The sign with the large red cross through the entire sign (S3) had by far both the greatest level of agreement with the statement and the smallest level of disagreement with the statement. The S3 sign had almost twice the level of agreement as the other signs. 3) Identifying which option most clearly suggests that the exit route is not available: The overwhelming majority of the participants (84%) selected sign S3 (see Table 4 ). Clearly, the negated sign design that has the best interpretation and recognition is the sign with the large red cross through the entire sign (S3). This negated sign design was therefore adopted by the GETAWAY project. A prototype dynamic sign that incorporates both the flashing arrow and the large red cross has been developed for further testing in the GETAWAY project (see Fig. 9 ). If the exit route indicated by the sign is considered to be non-viable, the red arrow is activated. The majority of red diodes in the cross are static and, once the sign is activated remain on throughout the evacuation. However, the first and last two diodes in the cross on the left and right side flash alternatively, drawing attention to the sign. This concept will be tested in a full-scale evacuation experiment to be conducted in a rail station in Barcelona in June 2013 as part of the GETWAY project. Fig.9 . Proposed negated sign in operation depicting a single operation cycle.
CONCLUSIONS
Previous research has shown that only 38% of people 'see' conventional static emergency signage in presumed emergency situations in an unfamiliar built environment, even if the sign is located directly in front of them and their vision is unobstructed. However, 100% of people who see the sign follow the instructions provided by the sign. These results suggest that current emergency guidance signs are less effective as an aid to wayfinding than they potentially can be, given that they are not always noticed by those who might make use of them. This deficiency is addressed through the design and development of a new type of Dynamic Signage System (DSS), which incorporates lit, flashing and running signage component into the current standard signage design. In order to quantify the effectiveness of the new DSS a series of trials were conducted following the same procedure as the earlier experimental trials allowing direct comparison to be made.
These trials have demonstrated that the DSS achieves a detection rate of 77% when participants directly approached the sign (i.e. approach angle perpendicular to the surface of the sign at DP1) and 72% when participants approached at an angle (i.e. approach path tangent to the surface of the sign at DP2). Under the same experimental conditions, static signs produced detection rates of 39% and 37% respectively. This is an important result as it suggests that the dynamic sign can achieve a significantly high detection rate for a wide range of approach angles. The difference in the detection rates achieved by the DSS compared with the conventional static signage system is statistically significant. As most of the participants chose the direction indicted by the sign upon detecting the sign in both sets of trials, the increase in detection rate means the DSS had a more significant impact on participant exit selection than the conventional static signage. A similar trend was also observed for the other dynamic signs positioned in the locations where there were other influencing factors such as the presents of additional doors (Note that at the two DP3s, the data collected at North Corridor A12 is insufficient to draw any firm conclusion; however, the data collected at South Corridor A2 suggests that the DSS should have had a more significant impact on participant exit selection than the conventional static signage too). The high signage detection and compliance rates were also supported by the result of the post-trial interviews. A significant majority of the participants (about 80% to 90%) confirmed that the flashing lights in the signs assisted them in making a quick route decision and reinforced this decision, while the flashing lights did not cause confusion and hesitation to them.
The DSS also helped people to reduce their decision times. The 41 (out of 53) participants who detected the sign required 1.8 s on average to decide on a route (i.e. to follow the sign), while the other 12 participants who did not see the sign spent on average 5.7 s in deciding upon a route. The difference in the decision times between those who detected the DSS and those who did not is statistically highly significant. Furthermore, the average detection time for standard emergency signs is 44% longer than that of those who detected the DSS, although the difference is not statistically significant.
These results suggest that the dynamic nature of the proposed emergency exit sign greatly enhances the effectiveness of emergency exit signs, making them significantly more likely to be detected. As a result, it is suggested that by using the DSS more people will be able to identify the correct exit route during an emergency evacuation than would be expected to do so using a conventional emergency signage system, thereby making the evacuation more efficient and safer. In addition, several new design concepts to indicate that an exit route highlighted by an emergency sign is no longer viable were tested via international survey. The results demonstrate that a simple red cross passing through the entire sign is correctly interpreted by over 90% of the sample as indicating that the exit route is no longer considered viable and so should not be used. Thus in addition to highlighting the desirable emergency exit route, dynamic signs may also be able to highlight which routes should not be taken. These aspects of the dynamic signage system will be tested in full-scale evacuation experiments in a railway station as part of the GETAWAY project.
